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(57) Abstract : 

PROBLEM TO BE SOLVED: To provide a driving circuit of a motor which can 
limit charging current with small number of components and which 
requires only a small space and can increase the motor efficiency by 
allowing charging current of an electrolytic capacitor to flow through 
an upper or a lower arm transistor which constitutes an H-bridge and a 
resistor for detecting a motor winding current and thereby building up a 
current limiting circuit with these components. 

SOLUTION: When a power switch 12 is turned on, for examle, an upper 
transistor 2 comes to an ON state and charging current id is caused to 
flow through the transistor 2 and a diode 9. The current id passes 
through a resistor 14 for detecting a current, where the current is 
converted into voltage, and then the voltage is compared with the 
reference voltage by means of a comparator 15. In the case that current 
of the set value or above is caused to flow, an output signal from a 



logic circuit 7 is cut off to stop the flow of charging current into an 
electrolytic capacitor 13. When the current in the resistor 14 for 
detecting a current decreases, the electrolytic capacitor 13 is supplied 
with charging current again. When charging comes near to completion, a 
motor winding 5 is also starts to be excited. The sum of the charging 
current id and the exciting current for the motor winding 5 is kept at 
the set value. 
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CLAIMS 



[Claim(s) ] 

[Claim 1] The current detection resistance which detects the current 
which flows to motor winding when bipolar energization of the coil of a 



motor is carried out with four transistors considered as H bridge 
configuration, In the motorised circuit which controlled the maximum 
current which is equipped with the capacitor which absorbs the surge 
voltage of time of turn of tide, and flows in a circuit The anode of the 
1st and 2nd diode is connected with the motor-winding connection 
terminal of the two upper arm PNP transistor which constitutes the 
above-mentioned H bridge, respectively. The one terminal [ of the above- 
mentioned capacitor ] and anode side of the 3rd diode is connected the 
cathode side of each diode. The drive circuit of the motor characterized 
by having connected the cathode side of this 3rd diode to the DC power 
supply + side, having connected the end of the above-mentioned current 
detection resistance with the other-end child of the above-mentioned 
capacitor, and the emitter of the bottom arm NPN transistor of two 
pieces, and connecting the other end of this current detection 
resistance to a DC power supply - side. 

[Claim 2] The current detection resistance which detects the current 
which flows to motor winding when bipolar energization of the coil of a 
motor is carried out with four transistors considered as H bridge 
configuration, In the motorised circuit which controlled the maximum 
current which is equipped with the capacitor which absorbs the surge 
voltage of time of turn of tide, and flows in a circuit The cathode of 
the 1st and 2nd diode is connected with the motor-winding connection 
terminal of the bottom arm NPN transistor of two pieces which 
constitutes the above-mentioned H bridge, respectively. The cathode side 
of the 3rd diode is connected with one terminal of the above-mentioned 
capacitor the anode side of each diode. The drive circuit of the motor 
characterized by having connected the end of the above-mentioned current 
detection resistance with the emitter of the bottom arm NPN transistor 
of two pieces, having connected the other end [ of this current 
detection resistance ], and anode side of the 3rd diode of the above to 
the DC power supply - side, and connecting the other-end child of the 
above-mentioned capacitor to a DC power supply + side. 
[Claim 3] The drive circuit of the motor according to claim 1 or 2 
characterized by connecting the resistance for charge at the 3rd diode 
of the above, and juxtaposition. 

[Claim 4] The drive circuit of the motor according to claim 3 
characterized by using MOSFET and IGBT as a transistor which constitutes 
the above-mentioned H bridge. 

[Claim 5] The drive circuit of the motor according to claim 1, 2, 3, or 
4 characterized by the above-mentioned motor being DC brushless motor. 
[Claim 6] The drive circuit of the motor according to claim 1, 2, 3, or 



4 characterized by the above-mentioned motor being a stepping motor. 
[Claim 7] The drive circuit of the motor according to claim 1, 2, 3, or 
4 characterized by considering as the three-phase-circuit bridge 
configuration which the above-mentioned motor is DC brushless motor of a 
three phase circuit, and has arranged each the transistor energized to 
motor winding on three vertical arms. 

[Claim 8] The drive circuit of the motor according to claim 1, 2, 3, or 
4 characterized by considering as the three-phase-circuit bridge 
configuration which the above-mentioned motor is a stepping motor of a 
three phase circuit, and has arranged each the transistor energized to 
motor winding on three vertical arms. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to drive circuits, such 
as DC brushless motor which controls the drive circuit of a motor, and 
the charging current which flows in order to charge the electrolytic 
capacitor for surge absorption in a circuit especially at a power up. 
[0002] 

[Description of the Prior Art] When carrying out bipolar energization of 
the DC brushless motor generally, the commutation actuation which 
changes the direction of energization is needed. The upper arm PNP 
transistor from which drawing 4 shows the condition of this commutation, 
and 1 and 2 constitute H bridge, The single phase coil of the motor by 
which 3 and 4 are the same and a bottom arm NPN transistor and 5 were 
connected to the output side of the above-mentioned H bridge, It is the 
energization logical circuit which 7 turns [ the DC power supply by 



which 6 was similarly connected to the input side, and ] on the above- 
mentioned transistors 1-4, and is turned off. It operates by the signal 
from energization logic so that the pair of transistors 1 and 4 and the 
pair of 2 and 3 may be turned on and turned off by turns, and the 
commutation which the energization direction to motor winding 5 reverses 
by turns like ia and ie is made to produce. 

[0003] In this case, when electrical energy E is accumulated in the 
single phase coil 5 of the motor which was being energized in a certain 
direction, and an energization current is set to i and it sets a coil 
inductance to L, it can express with E=Li2 / 2. When this energization 
stops, surge voltage Vs arises for a coil terminal by the attenuation 
degree of a current, and this surge voltage is expressed as Vs=Ldi/dt. 
There is no emission path of Energy E, and in drawing 4 , in being an 
instant stop, di/dt becomes infinity, and the very big surge voltage 
exceeding pressure-proofing of a transistor joins a transistor, and 
comes to destroy this. 

[0004] Therefore, in order to use effectively the energy accumulated in 
the coil at the same time it protects a transistor from this surge 
voltage, If the diodes 8-11 for reflux are connected to each transistors 
1-4 and juxtaposition as shown in drawing 5 , and the electrolytic 
capacitor 13 for surge absorption is connected to juxtaposition through 
a switch 12 at a power source 6 Are recording, now the energy E which is 
flow through diodes 9 and 10 at the moment of commutation when 
transistors 1 and 4 flow at and Current ia shifts to an OFF condition in 
the state of ON as a current ib to motor winding 5. If the electrical 
potential difference which joins C and an electrolytic capacitor 13 in 
the capacity of an electrolytic capacitor 13 is set to V, it will come 
to be accumulated in an electrolytic capacitor 13 as E=valve flow 
coefficient2 / 2. What is necessary is just to set up capacity so that 
pressure-proofing of a transistor may not be exceeded since the level of 
the surge voltage Vs produced in this condition is decided by capacity 
of an electrolytic capacitor 13, the charging time becomes long, so that 
capacity is large, and the power surge by surge voltage decreases. 
Moreover, at the time of energization initiation of hard flow, it will 
return to motor winding 5 as a current ic via transistors 2 and 3 by 
using this energy as a power source, the supply current from a power 
source 6 is reduced, and it becomes an effectiveness rise. In addition, 
the current detection resistance which detects the current value which 
energizes 14 to motor winding 5 in drawing 5 , and 15 are comparators 
which compare the reference voltage equivalent to the set-up maximum 
current value with a detection electrical potential difference, are 



controlling the output of the energization logical circuit 7 with the 
output of this comparator 15, and restrict the maximum current value 
produced at the time of motor starting and a lock. The above is the 
general conventional method of surge voltage absorption. 
[0005] However, in the above-mentioned conventional drive circuit, the 
big charging current according to the capacity and the impedance of a 
power source flows to an electrolytic capacitor 13 at the power up by 
the switch 12. Drawing 6 is the wave-like example of the charging 
current in the electrolytic capacitor capacity of 100 micro F in supply 
voltage DC24V, and the high current of a maximum of 35 A flows the time 
for 100 microseconds. This high current affects remarkably the life of 
the switch for power-source closing motion, a relay, and a semi- 
conductor. Therefore, like the method which inserts a choke coil 16 in a 
power source 6 like drawing 7 at a serial in order to restrict the peak 
value of the charging current, and controls a steep current, or drawing 
8 , the resistance 17 for current limiting is inserted in a serial at a 
power source 6, and the method of making the transistor 18 linked to 
juxtaposition turn on is in resistance 17 after the completion of charge 
of an electrolytic capacitor 13. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in the conventional 
drive circuit constituted as mentioned above, effectiveness fell with 
the electrical-potential-difference drop of power-source Rhine, the 
configuration became large, and many problems that components cost rises 
are produced. 

[0007] With careful attention to the above-mentioned conventional 
problem, it is the number of components smaller than before for whether 
your being Haruka, and the purpose of this invention restricts the 
charging current of an electrolytic capacitor, and its motor efficiency 
is good and is by space-saving to offer the drive circuit of a low price. 
[0008] 

[Means for Solving the Problem] The current detection resistance which 
detects the current which flows to motor winding when the drive circuit 
of the motor of this invention carries out bipolar energization of the 
coil of a motor with four transistors considered as H bridge 
configuration, In the motorised circuit which controlled the maximum 
current which is equipped with the capacitor which absorbs the surge 
voltage of time of turn of tide, and flows in a circuit The anode of the 
1st and 2nd diode is connected with the motor-winding connection 
terminal of the two upper arm PNP transistor which constitutes the 
above-mentioned H bridge, respectively. The one terminal [ of the above- 



mentioned capacitor ] and anode side of the 3rd diode is connected the 
cathode side of each diode. It is characterized by having connected the 
cathode side of this 3rd diode to the DC power supply + side, having 
connected the end of the above-mentioned current detection resistance 
with the other-end child of the above-mentioned capacitor, and the 
emitter of the bottom arm NPN transistor of two pieces, and connecting 
the other end of this current detection resistance to a DC power supply 
- side. 

[0009] Moreover, the current detection resistance which detects the 
current which flows to motor winding when the drive circuit of the motor 
of this invention carries out bipolar energization of the coil of a 
motor with four transistors considered as H bridge configuration, In the 
motorised circuit which controlled the maximum current which is equipped 
with the capacitor which absorbs the surge voltage of time of turn of 
tide, and flows in a circuit The cathode of the 1st and 2nd diode is 
connected with the motor-winding connection terminal of the bottom arm 
NPN transistor of two pieces which constitutes the above-mentioned H 
bridge, respectively. The cathode side of the 3rd diode is connected 
with one terminal of the above-mentioned capacitor the anode side of 
each diode. It is characterized by having connected the end of the 
above-mentioned current detection resistance with the emitter of the 
bottom arm NPN transistor of two pieces, having connected the other end 
[ of this current detection resistance ], and anode side of the 3rd 
diode of the above to the DC power supply - side, and connecting the 
other-end child of the above-mentioned capacitor to a DC power supply + 
side. 

[0010] Moreover, in this invention, it is characterized by connecting 
the resistance for charge with the 3rd diode of the above at 
juxtaposition. 

[0011] Moreover, in this invention, it is characterized by using M0SFET 
and IGBT as a transistor which constitutes the above-mentioned H bridge. 
[0012] It is characterized by considering the above-mentioned motor as 
the three-phase-circuit bridge configuration which is DC brushless motor 
or the stepping motor of a three phase circuit, and has arranged each 
the transistor energized to motor winding on three vertical arms. 
[0013] 

[Function] In the configuration like the configuration of a 

current-limiting circuit can be taken by making it go via the resistance 
for the upper arm transistor which constitutes H bridge for the charging 
current of an electrolytic capacitor or a bottom arm transistor, and 
motor-winding current detection, and it can hold down in the same value 



as the value of the maximum current of motor winding which had the 

charging current of an electrolytic capacitor set up. 

[0014] 

[Embodiment of the Invention] A drawing explains the example of this 
invention below. 

[0015] Drawing 1 is the example which applied this invention to the 
drive circuit of the bipolar energization method of a single phase DC 
brushless motor. 

[0016] The anode of the 3rd diode 19 is connected with upper arm PNP 
transistors 1 and 2, the cathode of the 1st and 2nd diode 8 and 9 
inserted in juxtaposition, and + electrode of an electrolytic capacitor 
13 in this invention. - electrode side of an electrolytic capacitor 13 
is connected to the emitter side of bottom arm NPN transistors 3 and 4, 
and the end of the current detection resistance 14, and the other end of 
the current detection resistance 14 is connected to - electrode side of 
DC power supply 6, and the cathode side of the 3rd diode 19 is connected 
to a DC power supply + side. 

[0017] Since the drive circuits of the motor of this invention were the 
above configurations, when an electric power switch 12 is switched on, 
In either of the upper arm transistors 1 and 2, and drawing 1 , a 
transistor 2 will be in ON condition. The charging current id flows via 
a transistor 2 and diode 9, and the current goes via the current 
detection resistance 14. When a current is transformed into an 
electrical potential difference by this resistance, it is compared by 
reference voltage and the comparator 15 and the current beyond the set 
point flows, the output signal of a logical circuit 7 is intercepted, 
the charging current to an electrolytic capacitor 13 is stopped, and if 
the current which flows the current detection resistance 14 falls, it 
will come to energize again. Therefore, it becomes possible by 
performing this actuation at high speed to charge an electrolytic 
capacitor 13 with the set-up current value. 

[0018] Moreover, if charge approaches completion, energization will be 
started by motor winding 5 and the current of the sum of the charging 
current id and the energization current of motor winding 5 will come to 
be suppressed by the set point. When the energy E accumulated in time of 
turn of tide at motor winding 5 is charged by the electrolytic capacitor 
13 via the 1st and 2nd diode 8 or 9 as a current and becomes 
energization of hard flow, it is returned to motor winding 5 via the 3rd 
diode 19. 

[0019] Drawing 2 shows other examples of this invention which connected 
the resistance 20 for charge to juxtaposition to the 3rd diode 19, while 



the output signal of an energization logical circuit is outputted after 
an electric power switch injection, as the charging current flows to an 
electrolytic capacitor 13 through the charge resistance 20, it aims at 
compaction of the charging time also between time delays, and other 
actuation is the same as that of the case of drawing 1 . 
[0020] Moreover, drawing 3 shows the example of further others of this 
invention which was made to perform the charge circuit of an 
electrolytic capacitor 13 by the bottom arm transistor 3 or 4, and the 
basic actuation is the same as that of the case of drawing 2 . 
[0021] Moreover, drawing 9 can show the example applied to the drive 
circuit of bipolar energization of three-phase-circuit DC brush loess, 
can constitute a three-phase-circuit bridge circuit from 3, 4, and 32 
three upper arm PNP transistor 1, 2, 31, and three bottom arm NPN 
transistors, and it will be in ON condition any of bottom arm NPN 
transistors 3, 4, and 32 they are at a power up, it can operate like H 
bridge component circuit mentioned above, and it can restrict it to the 
current value which set up the charging current of an electrolytic 
capacitor 13. In addition, the diode for reflux which connected 33 to a 
transistor 31 and juxtaposition, and 35-37 are three-phase-circuit motor 
windings, respectively. 

[0022] As mentioned above, although actuation of DC brushless motor of 
the single phase which applied this invention, and a three phase circuit 
was explained, there is effectiveness applicable also to the drive 
circuit of bipolar energization of DC brushless motor of a polyphase or 
a stepping motor and same. Moreover, although the transistor which 
constitutes a bridge was used as the bipolar transistor by explanation, 
the same configuration is possible even if it uses M0SFET and IGBT. 
[0023] 

[Effect of the Invention] As explained above, according to the drive 
circuit of the motor of this invention, it has the following outstanding 
effectiveness. 

[0024] (1) It is conventionally realizable for a circuit by the addition 
of one diode fundamentally. 

[0025] (2) Low-pricing and space-saving-ization are realizable. 
[0026] (3) There are no components accompanied by power loss in power- 
source Rhine, and it is efficient for it. 

[0027] (4) Time amount from capacitor charge initiation to motor-winding 
energization initiation is made to the shortest. 

[0028] (5) It is applicable to almost all the motorised circuit that 
carries out bipolar energization. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing - example of the drive 
circuit of the motor of this invention. 

[Drawing 2] It is the circuit diagram showing other examples of the 
drive circuit of the motor of this invention. 

[Drawing 3] It is the circuit diagram showing the example of further 
others of the drive circuit of the motor of this invention. 
[Drawing 4] It is the circuit diagram of the bipolar energization 
without the conventional surge voltage absorption function. 
[Drawing 5] It is the circuit diagram of the conventional bipolar 
energization with a surge voltage absorption function. 
[Drawing 6] The charging current wave of the power up of a surge 
absorbing capacitor is shown. 

[Drawing 7] It is the conventional charging current value limit circuit 
diagram. 

[Drawing 8] It is the conventional charging current value limit circuit 
diagram. 

[Drawing 9] It is the circuit diagram showing the example which applied 
this invention to the drive circuit of a three-phase-circuit DC 
brushless motor. 
[Description of Notations] 

1 Upper Arm PNP Transistor 

2 Upper Arm PNP Transistor 

3 Bottom Arm NPN Transistor 

4 Bottom Arm NPN Transistor 

5 Single Phase Coil of Motor 

6 DC Power Supply 



7 Energization Logical Circuit 

8 Diode for Reflux 

9 Diode for Reflux 

10 Diode for Reflux 

11 Diode for Reflux 

12 Switch for Powering On 

13 Electrolytic Capacitor for Surge Absorption 

14 Current Detection Resistance 

15 Comparator 

16 It is Coil Incredibly. 

17 Resistance for Current Limiting 

18 Transistor 

19 Diode 

20 Resistance for Charge 

31 Upper Arm PNP Transistor 

32 Bottom Arm NPN Transistor 

33 Diode for Reflux 

34 Diode for Reflux 

35 Three-Phase-Circuit Motor Winding 

36 Three-Phase-Circuit Motor Winding 

37 Three-Phase-Circuit Motor Winding 
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o izmm 6 izmm fcwtMMmcomx 1 7 a u « 

[0006] 

imttmmL * a t-r am®] asus:*^, ±ib^j; 
[0007] ^mcr>mm±m<7)m^mmiz^mL. 

[00 08] 

RMi , H 7' U -y j£ § ^ 4 flO F y V i^'X y T'^E 
ij . y ;x§rffji!cir& 2ffly>±T-APNP Fy y^'xycO 

f **««ttu a fo# y- \*wt ±ie 

3/r y+fco— ^TtfoflST- 1 B 3 oy* W F cr>T J — F 
f JjSritfc Ls i OH? 3 CO:*'-* F«9# V - FffllPSr D C 
IS+ICIML, ilE^y^^HfofBi^roSTi: 2ffl 

aaaii<o-si*«BR l , ; «s^mfKKco«£ d c 
mm-\mzmmLfz ; t ^^st-rs . 

[0009] *^cO^-^Olg»I0S#(±. H7 

D >y i: § flfz 4 ilO F 5 > ; JX y X'^ - y cO^lt 



J^-TS 2fOT7-ANPNh5y»^t-?ii 
SSttlffF-kflSl. S2 0^^-F^y-K^*« 

Mb. jj-- Fcory- HMt_hiE =? yfyf 

^t±mm 3 cor-^ hot y- Kwe d cwm-m 
izmm l . jje3 y -r >-9-offl^-os^ * d c m^+f jj 

[ooio] ifc. ^mUzti^xii. ±IEIS3co^ 

[ooi i ] tfz. *?mit,zt5^x&. ±fEHyy 

?km$L-th Vyy-JX9t LTMOSFET, IGBT 

[0012] ±ie^e— y«i:3ffl^Dcyy yi/xt- y 
« h 5 y i^'xy ^±TT-At;# 3 iififc 3 ffly >j 

[0013] 

y. i«±T7-Ah7yyy^ t^— **a«aHftffl 

[0014] 

[0015] HKi^BHSr^ffiDCy^^J^X^E— y 
[0 0 16] *fMHt*St^T«. ±7-APNPh7V 

yy y i , 2 1 ss i . Sf 2 «yw 

H8, g^y-Ktts^ytyti 
3w^^-fi 9 wry- FSrfiicL. ti^yfy 

ifi 3co-®Hl£TT— an pn by y^'xy 3, 4 

ox 5 -y yfiw. vaetfta^i 1 4 co-mztmL, 
mimft&iji 1 4 coffi^^ d emm e co-mmwizmm, 

[0017] jfssBg^-^BwmmiJiiEtf) j -3 * 
mfcchhipb. 2^xttzm^. ± 

t-a h y y^'xy 1 , 2 ov ^ix*^— 77 . El 1 Tl± F 

yy^xy 2*«oN^ffii:^ro, Fyy^xy2. yy 

lil±««?I *«g(Dfi/£ i; # n >y y 7 oaiTJfi-f - ^ 5S 
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DfL. m^yfytn ^cojtmmm. £#it u mm. 
man&ix 1 4 zifiti&mj&$ i i&T-t& t nt/mm-t § x 

ol,z%;&, lot, i^K)fl5^5a-Clf^^i^T-\ IS 

mztiizmtfim'emmx >?>y- 1 3 atm-th z t & 

[00 18] tfz. XM&$£T&&r}< t^~9mm5 
mm^oftJcDm^fSSfiltcHi*. ktiS ± o fetch . Sk 

>-r>+M 3 a^Sii, atSrft<?53Kt*o/£ 

R, SS3<50^^— HI ^tlil/C*— ***5(£^ 

[0019112 t,±m 3<T>¥A H 1 9 fcMMt-^l 

fflsst 2 o & tag Ltz^m^immmm^t . mm 
nana yfnn ^^tta^wis i a t lt ism 
[0020] ttz. M3itmM^ y : fy^ri 30^10 

[002 1 ] i9li3fflDC^7 yl/X«AM # 

PNPl7y^^3ll, 2, 3UTT-ANPN 
N7>y'X^3l3, 4, 3 2f3ffiyj -y^HI^Srffl 

4,32 ^fi**** O N «JB f: * 0 . ±3* L/^H 7" >J -y 

^WfiSHBi fc Haawt^fPS: ^ . mm ^ yfyt 1 3 <z> 



-f:*-b\ 3 5-3 71^3^-^t*!). 
[00 2 2] JiLh. *JMB*3tfflLfc*fflfc3ffi<ODC 

saaniKt t>affl nrnT& o Plains***. a. . tfc. 

b^>^X:?i; Lfc#\ MO SFET^ I GBT^ffiffl 
[0023] 

[0024] ( 1 ) a&^WfcHi^HIRfc^ 7)— K 1 
[00 2 5] ( 2 ) ffiMWffc, 

[0026] ( 3 ) mm? a yizmjim&ZFF a asaa* 



[0027] ( 4 ) rj y^v^mra^^^-^^i 

[0 0 28] (5) WifOV^-fsK-^SWfi*-*! 

i6iiij»t3SfflnriB^ft & . 

[0H^fSm=»J!] 

[01 ] ^^^-^^BWEFBtfD-llifcWt^-IS 
BEIT* 4. 

[03 ] ^^BJO^E— ^<7),|Bl!iIlIjf|^M^flfiO^JIMSr 

[04] ^*^-9--ymj±©iK«tg^*^vs'-<^-7a 

[05 ] mm^-^m&mmmm^ 
(Dmnmx'hh, 

[06] t-yfCffln yf>t«t«fU^«Stt 



[07] ^*c7)^;««-' 



i 



[08] t^*c7)^fl:m»i[ffi$ijiisiiif&0-cs>i»o 

[09] ;fcfgBJ!£3fflDC7 v 5y-l^^-:?<7)l 

1 i7-APNPh5yyX^ 

2 ±T— APNP h^y^'X^ 

3 T7-ANPN h7yyX^ 

4 T7-ANPNN7^yX^ 

6 Dcmw, 

7 Wmu -y 7 DUffS 
8 

9 JKtffl^>f^-— H 
1 0 SSKffl^-f K 

i i wfcmyj k 

1 2 ttjlK Affix A -y^ 

1 3 If — ^'©JRfflmftln y-xV^ 

14 «SK«imK 
1 5 

16 ^g— n-f;p 

1 7 lia«ffl«ffij5i 

18 b^y^'X^ 

1 9 ^- F 

2 o itmmm&i 

3 1 !7-APNPh7yyX^ 
3 2 T7-ANPNl7yyX5' 
3 3 51S[ffi^"-< ^- K 

3 4 3BaKffl^>f ^f- K 

3 5 3ffl^E-^#M 

3 6 3ffl^-^^*f 

3 7 3ffl^-^^ 
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[Ell] [122] 
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